In 1949 the Minister of Pensions and National Insurance of Great Britain prescribed cancer of the lung and cancer of the nose as industrial diseases, when they occurred among certain classes of workers engaged in the refining of nickel. The published epidemiological evidence regarding the hazard is, however, scanty. It consists only of a series of case reports (Amor, 1939; L0ken, 1950) and a statement of the total number of cases which occurred between 1923 and 1950 and were reported to the Ministry (Chief Inspector of Factories, 1952) . The present investigation was, therefore, undertaken to obtain evidence relating to (1) the magnitude of the risk, and (2) the belief that the risk had been eliminated from the refinery concerned between 1920 and 1924. The data for the investigation were obtained from the records of death held by the medical officers of health of the districts in which the workers at the refinery lived. These records included copies of the death certificates of all persons dying in the districts and also of the certificates of persons resident in the districts, who had died elsewhere. Since the majority of the workers live in the Pontardawe Rural District of the County of Glamorganshire and a few others live in the County Borough of Swansea and in two other neighbouring districts, it was possible to obtain information about the causes of death of nearly all-if not of all-the workers who died during employment at the refinery and of a large proportion of the retired workers who had worked at the refinery when they had last been employed. These data can be compared with the national data for the different causes of death during the same period or with similar data for the same districts, but relating to men in other occupations. In the present study, it was thought better to use the other data from the same districts, when they were numerically adequate, as by this means it was possible to erIninate differences in the incidence of the two diseases due to non-industrial local factors.
The Data Data for the 15,247 men over the age of 15 years who were resident in the four selected districts and who died in the period 1948-56 are shown in Table 1 . The numbers of deaths are shown separately for three causes, five occupational groups, and 13 age groups. The causes have been classified as cancer of the lung, cancer of the nose, or " other causes " according to the diagnosis given on the death certificate. Where two or more causes were referred to the death has been classified to the underlying cause, in accordance with international usageexcept in 10 instances in which a primary cancer of the lung was given as an associated disease, when the death was classified as if it had been attributable to the cancer. The numbers of cases in each occupational and age group in which the international usage was varied are shown in Table 1 . The five occupational groups consist of nickel, steel, and colliery workers, men employed in certain " other selected occupations ", and those in all other occupations. The men in " other selected occupations" were employed at an oil refinery or were described as aluminium, copper, spelter or " patent fuel " workers; they were studied separately because it was thought possible that one or other of these industries might also carry a specific risk of lung cancer.
The death records for earlier periods were available in the offices of the medical officers of health for only two of the four areas studied; one of them was, however, the area in which the refinery is situated and in which the majority of the nickel workers resided. Data for these two areas for the period 1938-47 are shown in Table 2 : the corresponding data for the period (included in Table 1 ) are also shown in Table 2 for comparison. The data are shown in the same way as in 0  0  1  0  0  2  0  0  12  0  0  16  0  0  141  0  0  171  171  25-0  0  4  0  0  23  0  0  15  0  0  47  5  0  214  5  0  299  304  35-0  0  6  1  0  17  2  0  63  2  0  104  14  0  373  19  0  564  583  45-1  0  3  6  0  34  10  1  64  4  0  99  40  0  365  61  1  565  627  50-11  1  16  8  0  54   1St   0  105  13  0  158  68  0  510 group.bmj.com on November 6, 2017 -Published by http://oem.bmj.com/ Downloaded from number of deaths is large and the types of occupation are numerous and varied; the total mortality of the group is, therefore, unlikely to have been influenced to any great extent by any single occupational factor. The number of deaths expected to be due to lung cancer in the other occupational groups may then be estimated by assuming that the ratio between the number due to lung cancer and the number due to " other causes ", that is, all causes, other than cancer of the lung or nose, should be the same, at each age, as in the standard group. For example, there were 87 deaths due to lung cancer and 778 deaths due to " other causes " among men aged 55-59 years employed in " all other occupations ". There were 22 deaths due to " other causes " among men of the same ages employed in the nickel industry and it is, therefore, estimated that the expected number of deaths from lung cancer among the nickel workers is 7 x 22, i.e., 2-46. The 778 number actually observed was 11. The results obtained by calculating the expected numbers for each of the age groups studied and summing for all ages are shown in Table 3 *. Among the nickel workers the number of lung cancer deaths observed was nearly five times the number expected. Among the steel workers and the workers in the group of "other selected occupations ", the observed numbers 7 were close to, but slightly higher than, the expected numbers; among the colliery workers the observed number was substantially less. Tables 1 and 2, were not extracted for the non-nickel workers; but an estimate of the expected proportions attributable to " other causes " and to " other respiratory disease" can be obtained from the national mortality data for men of the same ages in England and Wales during the same period. The estimated numbers are 22 and 25 out of 139 respectively. The number of lung cancer deaths among the nickel workers might also have been artificially increased if there had been a specific tendency to describe as nickel workers men who had died of lung cancer and who, after employment at the refinery, had taken up some other occupation. Evidence that a bias of this type may, in the case of coal-miners, *The few men whose ages at death were not known were presumed to have been distributed among the age groups in the same proportions as the men whose ages were known. contribute to the excess mortality which is recorded on death certificates for this occupation has been obtained by Heasman, Liddell, and Reid (1958) . It is, however, unlikely that such a factor should have biased the present results to an important extent, since the excess mortality has been practically constant since 1938 (see Table 4 ) and has shown no tendency to increase since the disease was prescribed in 1949. It is concluded, therefore, that the only reasonable interpretation of the results is that the high proportion of lung cancer deaths among nickel workers was due to an excess mortality from the disease and that, in the period 1948-56, the risk of dying from the disease was approximately five times " normal ".
Not all the workers appear to have been equally at risk. Of the 48 nickel workers whose deaths were attributed to lung cancer during this period, 28, or 580, were described as having been employed directly on the process (that is, " processman " or " process worker "); on the other hand, the proportion of men whose deaths were attributed to-causes other than cancer of the lung or nose and who were similarly described was somewhat smaller-54 out of 139 or 39%. The numbers of deaths from lung cancer expected among the process and the nonprocess workers are estimated to have been 3 93 and 5 95 respectively, so that on this basis the risk among the process workers appears to have been approximately double that among the other employees (28 observed to 3 93 expected compared with 20 observed to 5 95 expected, ratios of 7-1 to 1 and 3-4 to 1). Some of the non-process workers are, however, likely to have been employed as process workers at some time previously or to have had some closer contact with the specific process (for example, gatekeeper, labourer, and fitter). The relative risks to these two groups cannot, therefore, be satisfactorily (Registrar General, 1954) , the death rate from all causes other than lung cancer among coal-miners aged 20-64 years was 20 % above the average for the whole country. If, therefore, the numbers of deaths from " other causes" among the coal-miners are reduced by one-sixth (20/120), the expected number of lung cancer deaths becomes 126-80, and, in this case, the observed number is 58 % of the expected. The mines in the area studied are, however, anthracite mines and anthracite miners in South Wales have suffered a higher mortality than other miners. In 1930-32, for example, the standardized mortality ratio for all coal workers below ground aged 20-65 years was 105, but it was 143 for the workers below ground in the anthracite mines of South Wales (Registrar General, 1938) . If therefore, this difference has persisted in more recent periods the expected number of lung cancer deaths among miners should be reduced still further. The mortality from lung cancer among coal-miners in Britain has consistently been recorded as lower than that for all men and according to the occupational mortality data for 1950 was, at ages 20-64 years, 69% of the general rate. The present method of investigation would, therefore, appear to have provided a reasonably accurate estimate of mineworkers' mortality from this disease.
Lung cancer mortality among the five groups of workers included in " other selected occupations" will be discussed in another report.
Nasal Cancer
In the study of nasal cancer it is not possible to use quite the same technique, since the disease is normally very rare and the number of deaths shown in Table 1 due to nasal cancer among the men in " all other occupations " is very small. A more reliable estimate of the expected number of deaths might be obtained by using the whole group of nonnickel workers as a standard. This is vitiated, however, by the fact that the risk among the nickel workers appears to have been relatively so great that the inclusion of a small number of deaths of ex-nickel workers among the deaths of men who were last employed in some other occupation has artificially increased the mortality from nasal cancer among the other workers in the area. Thus, in the four areas studied there were 12 deaths from nasal cancer during the period 1948-56 among men who were not nickel workers at the time of their death. The relatives of 10 of them were traced and it was learnt that four had been employed at the nickel refinery at some time. Similarly, in the two areas for which information was available back to 1938, four deaths from cancer of the nose were found to have occurred during the period 1938-47 among men who were not nickel workers at the time of death. Relatives of all these men were traced and it was discovered that three of them had previously been nickel workers. In all, therefore, at least seven out of the 16 non-nickel workers resident in the area who died of nasal cancer may at some time have been exposed to the particular hazard which is being studied.
In these circumstances, it is preferable to use the national data to provide an estimate of the expected mortality. Detailed figures have been published for the numbers of deaths attributed to a group of upper respiratory cancers consisting of cancer of the nose, nasal cavities, middle ear and accessory sinuses for each year since 1950, and figures for the total numbers of these cancers by sex have been published for the years 1940-49. Since the crude male death rate has been practically constant since 1942 (varying only from 5 to 6 per million), and since the deaths attributed to nasal cancer in Tables 1 and 2 include all the deaths which would have been classified by the Registrar General in this category-and no others-the national data provide a reasonable basis for comparison with the data collected in the present investigation. If, therefore, the whole male population of England and Wales is taken as the standard population and the same method of estimation is used as was used previously, estimates To test the extent to which the risks have altered it is necessary to examine data collected over a long period of years since the induction period before the appearance of cancer is generally long. In the present case, data adequate for this purpose are available for only two of the four areas which were originally studied; these have been shown in Table 2 . The men who were employed in " all other occupations" and were resident in these two areas have been used as the standards and the expected numbers of deaths attributable to cancer of the lung have been calculated by the technique described previously (working, however, with 10-year instead of five-year age groups, because of the smaller numbers). The results obtained are shown in Table 4 . From these figures it would appear that the specific risk of lung cancer in the industry has decreased from about 14 times " normal " to about seven times " normal ". This change, however, cannot be regarded as evidence of a decrease in risk among the nickel workers since the " normal " risk of lung cancer increased substantially during the period in question. In fact the excess over expectation of lung cancer deaths among the nickel workers was 3-3 per year during 1938-47 and 3-7 per year during 1948-56. Similarly, if the national data are used to estimate the numbers of deaths from nasal cancer expected in the two periods, it appears that the average excesses were 1-6 and 14 deaths per year. Clearly cases are still occurring and there has not as yet been any substantial change in their number.
On the other hand, from the data in Table 6 , it is clear that the distribution of the ages at death has changed for both types of cancer. The change is particularly striking for cancer of the nose, for which the average age at death has increased by 6-2 years from 59 6 to 65-8 years. For cancer of the lung the increase is less marked, but it is still appreciable (an average increase of 3-3 years from 57-0 to 60-3 years). These changes may be regarded as evidence that the greatest risk occurred at some time in the past; for, in this situation, the average age of the men who suffered the heaviest exposure, and who may be presumed to suffer the heaviest specific mortality, must be expected to increase steadily with the passage of time. Tables 1 and 2 must be presumed to include a large proportion of the deaths due to cancer of the lung and nose which have been reported previously as occurring among nickel workers (Chief Inspector of Factories, 1952 In contrast, it may be noted that, in the present inquiry, only one nickel worker was found to have died from cancer of the larynx during the whole period 1938-56, and no other similar death has been reported for any earlier period.
Summary
Cancer of the lung and cancer of the nose have been prescribed as industrial diseases when they occur among certain classes of nickel workers. There is, however, no published evidence to show the size of the risks nor the extent to which they have been eliminated.
Data were collected from the records of deaths held by the medical officers of health for the districts in which workers at a nickel refinery lived. From the ratio of deaths attributed to lung cancer to deaths from causes other than cancer of the lung and nose among the other men resident in the same area an estimate was made of the number of lung cancer deaths which would be expected to have occurred among men employed in four specified occupational groups. During the years 1948-56, there were 139 deaths from " other causes " among nickel workers and 48 from lung cancer; the expected number of lung cancer deaths among them was 9 9. The excess did not appear to be due to a bias in favour of diagnosing lung cancer among nickel workers, and it is concluded that during 1948-56 the risk of nickel workers dying from the disease was approximately five times " normal ".
